Pushing and Pulling on Adult Neural Stem Cells  by Ibrayeva, Albina & Bonaguidi, Michael A.
Cell Stem Cell
PreviewsPushing and Pulling on Adult Neural Stem CellsAlbina Ibrayeva1 and Michael A. Bonaguidi1,*
1Department of Stem Cell Biology and Regenerative Medicine, Eli and Edythe Broad Center for Regenerative Medicine and Stem Cell
Research, W.M. Keck School of Medicine, University of Southern California, Los Angeles, CA 90033, USA
*Correspondence: mbonagui@usc.edu
http://dx.doi.org/10.1016/j.stem.2015.04.011
How plastic is adult neurogenesis? In this issue of Cell Stem Cell, Sierra et al. (2015) use epilepsy models to
probe how hippocampal neural stem cells (NSCs) respond to graded pathological conditions. They uncover
changes in cell fate potential upon NSC activation, but it comes at a cost.For most of modern history, it was
believed that adult neural circuits consist
of a fixed neuronal population and lack
appreciable turnover. Over the past 20
years, scientists have come to recognize
the addition of newborn neurons to both
the human and the rodent adult hippo-
campus. Nowadays, it is well appreciated
that adult neurogenesis contributes to
cognition and mood alteration and serves
as a model system of endogenous brain
regeneration (Aimone et al., 2014). In
addition, epileptic seizures, traumatic
brain injury, ischemia, stroke, mental dis-
orders, and neurodegeneration have all
been reported to modify neurogenesis in
the diseased mammalian brain (Yu et al.,
2014). While many studies have demon-
strated dynamic regulation of neural pro-
genitors and their maturation, little is
known about whether radial neural stem
cell (rNSC) fate choices are altered by
pathologies and if so, how cell genesis
contributes to tissue function.
In this issue of Cell Stem Cell, Sierra
et al. (2015) focus on epilepsy to evaluate
how neuronal hyperactivation elicited by
pathological conditions affects rNSC
behaviors. Epilepsy and aberrant neuro-
genesis have been linked for many years.
Seizures induced by kainic acid (KA) or
pilocarpine treatment increase prolifera-
tion of neural progenitors and production
of ectopic granule neurons to generate
abnormal circuit connectivity. Recipro-
cally, genetic perturbation in adult-born
neurons is sufficient to cause sponta-
neous seizures (Yu et al., 2014). Sierra
et al. (2015) vary the dose of KA to
generate mouse models of (1) mild epi-
lepsy (0.037 nmol KA), characterized by
transient epileptiform activity (EA) without
seizures, and (2) strong epilepsy (1 nmol
KA), characterized by mesial temporal
lobe epilepsy (MTLE) with sustained sei-zures (Figure 1). Since the EA model is
new, the authors first confirmed that
epileptiform activity can contribute to
aberrant hippocampal neural progenitor
proliferation and maturation. They also
evaluated how the niche changes under
mild and strong epilepsy. EA creates an
initial and quickly subsiding inflammatory
response through microglial activation.
Meanwhile, the MTLE model reproduces
neurological features of human epilepsy
including cell necrosis and dispersion,
reactive astrocytes, and chronic inflam-
mation, which together provide an envi-
ronmental context that mediates stem
cell plasticity.
An increase in overall neural cell prolif-
eration can originate from rNSC activa-
tion. Thus, the authors next visualized
the acute proliferation of rNSCs with
BrdU in Nestin-gfp transgenic mice
exposed to mild (EA) and strong (MTLE)
hyperactivation models. Stem cells acti-
vate from a quiescent state in both cases,
with greater cell cycle entry in the MTLE
conditions. After activation, rNSCs in the
EA context undergo their normal asym-
metric division to generate the neuronal
lineage via amplifying neural progenitors
(ANPs) (Figure 1, left panel). However,
during MTLE rNSCs remarkably switch
fate and instead make gliogenic divisions
(including astrogenic and rNSC-expand-
ing divisions [Bonaguidi et al., 2011],
collectively called ‘‘symmetric’’ by the
authors) to generate reactive astrocytes
(Figure 1, right panel). Both results were
then substantiated by short-term clonal
lineage tracing utilizing BrdU with mosaic
inducible Cre-lox recombination and the
analysis of rNSC doublets as an additional
readout of cell fate choices.
What are the long-term consequences
of excessive short-term rNSC activation
and cell fate plasticity? Previous workCell Stem Cefrom the authors indicated an age-
related decline in rNSC numbers at the
population level throughout life (Encinas
et al., 2011). Here, Sierra et al. uncover
that the rate of rNSC decline correlates
with the strength of hyperactivation;
specifically, stem cell loss is greatest in
MTLE and greater in EA compared to
controls. In addition, cell production dif-
fers in the long term within the two
models. EA mice exhibit a temporary
spike in neuronal production that wanes
prematurely. Meanwhile, MTLE condi-
tions quickly extinguish neurogenesis—
promoting gliogenesis—which remains
chronically low even despite the authors’
efforts to promote neural precursor prolif-
eration by administering insulin growth
factor. These results are consistent with
other genetic manipulation studies (Bona-
guidi et al., 2012), indicating a general
theme where precocious rNSC activation
enhances acute cell production, but also
prematurely depletes the stem cell pool.
Adult hippocampal stem cells therefore
generally seem to trade their long-term
exhaustion for short-term plasticity in
response to changes in neural activity un-
der both physiological and pathological
states (Song et al., 2012; Sierra et al.,
2015). This acute plasticity may act as a
buffer of environmental pressure to pro-
mote tissue homeostasis. For example,
a recent study (Iyengar et al., 2015) dem-
onstrates that mice with reduced adult
neurogenesis display increased vulnera-
bility to the effects of epilepsy and present
greater mortality due to convulsive sei-
zures. At the same time, cell genesis after
the acute phase can contribute to chronic
seizure frequency and progression as re-
vealed by neurogenesis ablation studies
(Cho et al., 2015). The work by Sierra
et al. (2015) presents reactive gliosis as
a potential mechanistic link betweenll 16, May 7, 2015 ª2015 Elsevier Inc. 451
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Figure 1. Hippocampal Neural Stem Cell Plasticity in Response to Graded Epilepsy Models
Sierra et al. (2015) reveal that transient epileptiform activity (EA) induces rNSC activation to promote a tran-
sient increase in neurogenesis, which leads to premature stem cell depletion. During sustained mesial
temporal lobe epilepsy (MTLE), rNSCs undergo high rates of activation, switch their fate decisions, and
differentiate into reactive astrocytes to massively decrease neurogenesis. Illustration by Kristen L. Chen.
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Previewsthese acute and long-term epileptic
phases. This hypothesis is testable and
may provide a broad framework for un-
covering the cellular context mediating
the balance between beneficial and
detrimental neurogenesis. In addition, a
targeted understanding of how context-
dependent niche changes affect neural452 Cell Stem Cell 16, May 7, 2015 ª2015 Elprogenitors could facilitate activation of
latent regenerative programs (Magnusson
et al., 2014) and development of novel
therapeutic approaches to ameliorate
neurological disorders.
By pushing and pulling on endogenous
rNSCs, the findings by Sierra et al. (2015),
together with recent studies, contributesevier Inc.new insight into mechanisms of neuro-
plasticity, neural activity regulation, and
the brain’s ability to self-repair. Future
studies will ultimately explore what
NSCs can and cannot do and identify
limits of NSC function.
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